A polyurethane (PU) foam nanocomposite impregnated with iron oxide nanoparticles (IONPs) was developed to remove arsenic (As) from drinking water at ppb concentrations. The effect of synthesis and application parameters such as the size of IONPs, pH levels, weight of adsorbents, and arsenic concentrations on the performance of PU-IONP adsorbents in removing arsenic were studied. The prepared adsorbents were characterized by scanning electron microscopy and energy dispersive X-ray microscopy to evaluate the microstructure of PU-IONPs and the surface adsorption of arsenic species, respectively. Atomic absorption spectrometry was conducted to measure the concentration of arsenic in the treated solutions in order to calculate the removal capacity of PU-IONPs. The experimental results revealed that decreasing the size of IONPs from 50-100 nm to 15-20 nm yields a higher removal capacity. Increasing the weight of the used adsorbents and the contact time led to an increase in the removal capacity as well. As the arsenic species (III and V) concentration increased in the solution, the removal capacity of PU-IONPs decreased. In a column study, a long-term cyclic operation mode was found to be very effective in removing arsenic; 100% removal capacity was achieved when 500 ml of As solution (100 ppb) was treated.
INTRODUCTION
Water pollution by heavy metal pollutants such as arsenic (As) has serious toxic effects on humans and living organisms.
Arsenic is identified as a carcinogenic element by the International Agency for Research on Cancer (IARC) and the
US Environmental Protection Agency (Levine et al. ;
IARC ). Bladder, skin, and lung cancers were confirmed due to chronic arsenic exposure, and the potential target organs for cancer from arsenic exposure are liver, kidney, and prostate (NRC ). Significant research work, aimed at finding and developing various separation and treatment techniques, has been conducted over the past few decades.
Arsenic contamination of ground water poses a serious concern in many countries throughout the world, including the United States (Smedley & Kinniburgh ) .
The removal of arsenic, essentially, involves a selective separation of As(V) and As(III). The conventional treatment methods of arsenic involve a coagulation with ferric chloride or aluminum sulfate coagulants, followed by the separation of the produced insoluble by settling, or by direct filtration through sand beds. Other treatment techniques for arsenic removal are reverse osmosis (Ning 
MATERIALS AND METHODS

Materials
Particular raw materials were used in the synthesis of PU- 100 ppb. The solution contained both As(III) and As(V).
Preparation and characterization of PU-IONPs
The experimental setup applied in this study is described in a previous publication (Gunashekar & Abu-Zahra ) . A three-neck round-bottom reaction flask was placed in an oil bath and fitted with a mechanical stirrer and a condenser at the center neck. A nitrogen gas inlet was fitted at the right neck and a dropping funnel was fitted at the left neck. The reaction between PPG and TDI was conducted at 75˚C in an inert atmosphere. Figure 1 shows the experimental setup for PU synthesis.
Initially, the three-neck flask was charged with TDI and allowed to stabilize at 75 W C in a saturated nitrogen atmosphere. A dropping funnel was filled with a pre-weighted amount of PPG, which was added dropwise and allowed to react with TDI for 4-5 hours until an initial isocyanate content of 11%-12% was reached, in accordance with ASTM D5155. IONPs were manually added to the mixture in different weight percentages (4%, 8%, 12%, and 16%).
Based on the amount of PPG used, a pre-weighted amount of deionized water was added as a blowing agent along with the polysiloxane surfactant. The compound was mixed using a mechanical stirrer at 2,500-3,000 rpm for 10-15 seconds. The reaction of water with the remaining isocyanate groups released CO 2 gas to form the final foam structure (Szycher ).
The microstructure of PU-IONP adsorbents and the elemental analysis and distribution of IONPs in the nanocomposite foam matrix were characterized using a JEOL 
Effect of solution pH
The effect of the solution pH on the adsorption of As was examined. PU-IONP samples made with a PPG:TDI composition ratio of 1:1.75 in a granular shape were used in this study. The PU-IONP samples were soaked in 100 ppb As solutions with four different levels of pH (3.5, 6.5, 8.5 and 10.5) for 24 hr at room temperature (22 W C). Figure 7 shows the removal amount of As at various pH levels.
The adsorption process of As is affected by the pH level of the contaminated solution. The removed amount of As is higher as the solution becomes more acidic (i.e., pH < 7), compared with the removed amount of As when the solution is more basic (i.e., pH > 7). At a pH level below the pH PZC of an oxide, it produces substantially more positive charges than negative charges on the surface, whereas at pH levels above the pH PZC it produces more negative charges on the surface than positive charges (Mondal et al. ) . & Schwertmann ). Therefore, the surface of the PU-IONPs is predominantly negatively charged above pH ¼ 8. Hence, the chemisorption of arsenic species is less, which lowers the removed amount of arsenic species. On the other hand, increasing the pH from 8.5 to 10.5 provides a slight increase in the removal capacity. At pH 8.5, the surface of the oxide will be close to neutrality while above that the surface is partially negative. This does not eliminate the effect of the partially positive charge, which could attract As species as well.
Effect of weight
To study the effect of using different sample weights on the removal capacity of arsenic, four samples of PPG:TDI with a molar ratio of 1:1.75 and a granular shape were prepared and soaked in 100 ppb arsenic solution for 24 hr. Figure 8 shows the removed amount of As at different PU-IONP sample weights.
The removed amount of As increases from 40 ppb to 60 ppb when the weight of the PU-IONPs increases from 
Effect of As concentration
To investigate the effect of using different concentrations of 
Column study
A long-term column study was carried out to study the removal capacity of As species. An amount of 500 ml of arsenic solution at 120 ppb was circulated through a packed column in the upflow direction at a filtration flow rate of 1.5 ml/min. The column was packed with 8 g (57 ml, fixed bed height 20 cm) of granular PU-IONP adsorbents with PPG:TDI ratio of 1:1.75. The time needed to complete one flow cycle was measured, using a stop watch, to be 9 hours and 40 minutes. The column was operated for 10 consecutive days. Figure 10 shows the removed amount of As during the whole operating time of the column.
The adsorption of arsenic species was very rapid in the first few cycles with an approximately 50% arsenic removal within two cycles. After that, a constant increase in the removal rate occurred. All arsenic species were removed in 22 cycles (approximately 9 days) of the operating period. This behavior of removing arsenic can be explained by the abundance of adsorption sites at the beginning of the process, which decreases gradually with more adsorbed arsenic species.
CONCLUSIONS
This study presents an extended performance analysis of bulk modified nanocomposite material. IONPs impregnated in PU foam matrix were used for arsenic removal from water. The 
